could be minor issues related to restacking of the flat graphene sheets after chemical or thermal reduction, which might decrease dispersion efficiency. However, small addition of surfactants can efficiently prevent individual graphene sheets from restacking with each other by stabilizing the reduced particle suspensions. By virtue of these benefits, it is considered that graphene-based nanocomposites have better performance than their CNTbased counterparts. While composites with graphene have been prepared with a number of polymers, polyurethane (PU) was one of the mostly studied polymers [21] . PU can provide properties covering from a high performance elastomer to tough thermoplastic with excellent physical properties, including high tensile strength, abrasion and tear resistance, and solvent resistance. In addition, high versatility in chemical structures originated from a wide range of monomeric materials affords tailor-made properties with well-designed combinations of these monomers. As a result, PU can be easily manipulated to satisfy the highly diversified demands of modern technologies. Driven by modern requirements to decrease emissions of volatile organic compounds, the development of environmentally friendly waterborne polyurethane (WPU) has been increasing, especially in the field of coating industry where the reduction of evolution of volatile organic compounds during the drying process is critical. [22] [23] [24] In addition, WPU offers many advantages such as low viscosity at high molecular weight and good applicability, which cannot be realized with conventional solvent-borne systems. They could be also utilized effectively in electronic devices as coatings for antistatic or electromagnetic shielding if they could be modified for improved conductivity. This can be achieved with nanosize conductive fillers that can possibly make a percolative network at an extremely low loading. [25] The first area covered will pertain to general preparation of graphite oxide (GO) and functionalized graphene sheets (FGS) with a focus on methods suitable for polymer composite applications. Several examples of graphene-based nanocomposites with various polymers are also discussed. Secondly, the preparation and physical properties of functionalized graphene sheet (FGS)/PU nanocomposites are highlighted.
Preparation of FGS
Graphenes can be made by two methods; bottom-up and top-down. Chemical vapor deposition (CVD) [26] , arc discharge [27] , and epitaxial growth on SiC [28] are usually employed to synthesize graphenes in the bottom-up approaches. In most cases, a variety of graphene preparations rely on the top-down approaches that utilize a cheap and commercially available graphite as a starting material. In this section, the top-down approaches are focused. Synthetically, a variety of top-down approaches have been adopted to allow the preparation of graphenes. Generally, there are three methods for the synthesis of graphenes: "direct exfoliation of graphite", "chemical reduction of GO", and "thermal reduction of GO". The "direct exfoliation of graphite" route involves micromechanical cleavage of graphite. This method allows graphenes with large-size and high-quality. It is difficult, however, to separate the exfoliated graphene sheets from the bulk graphite. In the "chemical reduction of GO" method, the starting material is graphite oxide (GO) produced by oxidation of graphite. GO is not completely exfoliated and contain extensive domains of stacked graphitic layers. The resulting GO is dispersed in solvent and chemically reduced to graphene sheets by reducing agents such as hydrazine, dimethylhydrazine, hydroquinone, etc. "Thermal reduction of GO" strategy also begins with the preparation of GO. It is generally believed that each layer of GO consists of randomly distributed unoxidized aromatic regions and six-member aliphatic regions with polar groups, such as hydroxyl, epoxide, ether, and carboxylate groups, originated from oxidation. When a sufficiently oxidized GO is heated in an inert environment over 1000 o C, it can be exfoliated into a few layered graphene sheets, that is, functionalized graphene sheets (FGSs). This step accompanies pressure build-up which stems from CO 2 evolution due to the decomposition of the epoxy and hydroxyl groups that bridges each GO sheet. [29] [30] [31] As a result, an exfoliated GO, in which the inter-graphene spacing associated with GO and the graphite is almost completely excluded after thermal expansion, has an affinity for polar solvents and polymers, as well as good conductivity. These properties stem from the fact that the completely exfoliated GO is composed of a few layered FGSs that still contain the polar functional groups that remain after thermal treatment. [32] In addition, from the industrial point of view, this method is preferred since large scale bulk production of FGS is possible. In this chapter, we confine our focus to thermally exfoliated FGSs since polymer/graphene composites that we will discuss are based on them. The following section coverd will briefly survey various types of polymers that have been used for nanocomposites with graphenes. Among them, poly(methyl methacrylate) (PMMA)/graphene nanocomposites are focused.
PMMA/graphene nanocomposites
Generally, FGS-based polymer composites benefit their excellent performance from graphene's thermal, mechanical and electrical properties. These composites are electrically conducting and have higher thermal stability than polymer alone. In addition, incorporation of a small amount of graphene into polymer matrix offers a great opportunity to make tough and lightweight materials as long as graphenes are homogeneously distributed in polymer matrices. There have been numerous reports on preparation of polymer/graphene nanocomposites with different kinds of polymer materials, including polystyrene (PS) [33] , polycarbonate (PC) [34] , PMMA [35] [36] [37] , and PU. [38, 39] Fig. 1. TEM micrographs of PMMA/GO nanocomposites: (a) a PMMA/GO composite with 6.7 parts of GO, (b) a PEO-PMMA multi-block copolymer/GO composite with 6.7 parts of GO. Adapted with permission from Ref. [36] . Copyright 2005 Elsevier Ltd.
In our group, we began to examine PMMA as a matrix polymer material in which GO or FGS were incorporated. In the first study, PMMA/GO nanocomposites were prepared by in situ polymerization of methyl methacrylate (MMA) in the presence of GO. A the macroazoinitiator (MAI) containing a poly(ethylene oxide) (PEO) segment that was employed for this polymerization, was intercalated between the lamellae of GO to induce the inter-gallery polymerization of MMA and exfoliate the GO. [36] The morphological, conductivity, thermal, mechanical and rheological properties of these nanocomposites were examined and compared with those of intercalated nanocomposites prepared by polymerization with the normal radical initiator, 2,2'-azobisisobutyronitrile. Since it has been reported that PEO can be easily intercalated at the GO gallery [40, 41] , it is expected that the polymerized PEO-PMMA multi-block copolymer will have an affinity to GO due to the presence of PEO block, which cannot be easily achieved with a composite prepared by a conventional small molecular weight initiator. As shown in Fig 1, PEO-PMMA multi-block copolymer/GO composites have the finer dispersion than PMMA/GO composites due to PEO being easily intercalated at the GO gallery. It was also evident that conductivity of PEO-PMMA multi-block copolymer/GO composites was increased compared to that of PMMA/GO composites. For example, a conductivity of 1.78 × 10 -7 S/cm was attained in the exfoliated PEO-PMMA multi-block copolymer/GO composites prepared with 2.5 parts GO per 100 parts MMA, which was about 50-fold higher than that of intercalated PMMA/GO composites. Secondly, compatibilizing effect of GO in PMMA/FGS nanocomposites has been investigated. [37] While we have prepared and examined FGS nanocomposites with various polymers, it was found that the dispersability of FGS in a polymer matrix can be improved when GO was used as a compatibilizer. The compatibilizing effect of GO is originated from its chemical resemblance to FGS as well as polar functional groups that can interact with matrix PMMA. An PMMA/FGS nanocomposite containing 1 part FGS has a conductivity of 1.89 × 10 -7 S/cm, more than 10 7 -fold better than pristine PMMA. This conductivity was enhanced a further 100-fold by addition of 1 part GO. These results were ascribed to compatibilizing ability of GO to allow the fine dispersion of FGS in a PMMA matrix.
PU/FGS nanocomposites
Generally, PU/graphene nanocomposites can be prepared by two methods: "mechanical mixing method" and "in situ polymerization method". The "mechanical mixing method" includes solvent and melt process. Solvent process is usually used such that graphenes were mixed with a PU matrix via blending with solvents followed by solvent removal. It is often advantageous to employ "mechanical mixing" approach that can offer simple and facile preparation of nanocomposites. It is, however, less efficient to achieve uniform dispersion of graphenes in a polymer matrix. "In situ polymerization method" involves intercalative polymerization of monomers in the presence of graphenes. It is considered that it is a better approach for dispersing graphenes into polymers. However, this approach is limited to solvent process due to the high viscosity of even dilute dispersion of graphene.
Preparation of FGS/PU nanocomposites.
As discussed briefly in the previous section, various types of graphene-based polymer composites have been investigated. Extensive literature on graphene-based polymer composites is beyond the scope of discussion in this chapter. The representative examples illustrating approaches to preparing FGS/PU nanocomposites are presented. Different aspects of FGS/PU nanocomposites, including electrical conductivities, thermal properties, and mechanical properties, will be thoroughly discussed based on our published results. As mentioned above, FGSs that were used to prepare PU/graphene composites were thermally exfoliated. Two different types of PU, organic solvent borne TPU and WPU, were employed to make four different kinds of nanocomposites with combination with two different processing methods, mechanical mixing and in situ polymerization. 
FGS/organic solvent borne TPU nanocomposites prepared by in situ polymerization (TPUNC)
To prepare the TPU/FGS nanocomposite by the in situ polymerization method, the FGS was immersed in MEK where polymerization was performed (Fig 3) . The TPU/FGS nanocomposites were prepared by using 0 to 3 parts of FGS per 100 parts TPU since flexible cast films were unachievable when the content of FGS was more than 3 parts per 100.
Sample designation codes were given by the amount of FGS included in the TPU samples. For example, TPUNC-3 contains 3 parts FGS per 100 parts TPU. Basically, the structure of WPU is the same as one that used in mixing method except that poly(tetramethylene glycol) (PTMG) was used along with PCL as a soft segment. FGS/WPU nanocomposites were made by in situ polymerization in the presence of FGS (Fig 5) . Sample designation codes were given by the amount of FGS included in the WPU samples. For example, WPUCL-2 and WPUMG-2 contain 2 parts of FGS per 100 parts of WPU based on PCL and PTMG, respectively, as a soft segment.
Characterization of FGS/PU nanocomposites.
Characterization of successful preparation of FGS/PU nanocomposites rely on a variety of instruments such as transmission electron microscopy (TEM), FT-IR, and XRD. It is often difficult to characterize FGS/PU nanocomposites quantitatively by TEM due to wrinkled nature and small thickness of graphenes. Nonetheless, TEM has been one of the most widely used imaging techniques to visualize layered structures of graphenes. As shown in Fig 6 , FGSs are finely dispersed in the PU matrices with subnano-sized thicknesses and high aspect ratios, demonstrating the good compatibility between the FGS and TPU. According to these images that show well dispersion of FGS, it is expected that effective conductive channels can be created for all cases of FGS/PU nanocomposites. Figure 7 shows the wide-angle XRD patterns of the graphite, GO and FGS specimens. The diffractogram of graphite shows a very intense and narrow peak at 2θ = 26.5•, which corresponds to the X-ray reflection on the (002) planes of well-ordered graphenes with interlayer spacing, I c , between the well ordered graphenes being 3.35 Å. GO has a broad peak at 2θ = 14.1 • due to I c being expanded to 6.27 Å by the accommodation of various functional groups on the graphene surface. However, FGS has no visible peak at the range of 2θ > 2 • , which indicates the notable expansion and sufficient disorder of the graphene layers. It is also possible to characterize FGS/PU nanocomposites with XRD patterns. Generally, one can attain very important information from XRD patterns of nanocpmposites: "extent of dispersion of FGS in a polymer matrix", which can be evaluated in two ways. Firstly, whether or not there exist visible peaks at the range of 2θ > 2 • due to long range order of the stacked FGSs. Secondly, whether or not peaks of crystalline segments of PU decrease upon increased addition of FGSs. For example, the dispersed FGS does not give rise to any new wide-angle XRD peak at the range of 2θ > 2 • (Fig 8) . This suggests that either (1) the distance between the FGSs is far enough or (2) no long-range order exists even when the FGS has a stacked structure. Fig 8 also www.intechopen.com
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Specifically, by monitoring the intensity of hydrogenbonded N-H absorption band of urethane linkage, one can have an idea on the extent of dispersion of FGS. For example, the N-H stretching vibration of polyurethane in the range of 3,300~3,600 cm -1 is highly sensitive to hydrogen bond distribution. Absorption bands of hydrogenbonded and free N-H are located at 3,330 and 3,400 cm -1 , respectively. WPUN-0 (pristine WPU without addition of FGSs) has an absorption band at 3,402 cm -1 , which moves to a higher wavenumber with increased FGS content (Fig 9) . This demonstrates that the high contents of FGSs weakened the interaction of hydrogen bonding between urethane linkages. Overall, it is concluded that the extent of disper sion o f FG Ss in a P U matrix can be effectively evaluated by TEM, XRD, and FT-IR. In the following section, we discuss thermal properties of FGS/PU nanocomposites. As with the above three characterization tools, DSC and TGA can also provide useful information on how well FGSs are distributed in a PU matrix. Both TPU and WPU that were employed for the preparation of nanocomposites have soft and hard crystalline segments. By observing changes of glass transition temperature (T g ), crystalline melting temperature, and heat of fusion of each crystalline domain that are induced by added FGSs, one can assess how thermal properties are affected by addition of FGSs. For example, for a series of TPUNC prepared by in situ polymerization, the chemical and/or physical interactions between FGS and TPU were enhanced, as compared to a series of TPUN prepared by the physical mixing method. That is, gravimetry showed that the amount of TPU adhered onto FGSs increased when the nanocomposite was prepared by the in situ polymerization method (Table 2) . [43] From the DSC thermogram of TPUN-0, one can see a sharp melting endothermic peak of the soft segment (T ms ) and a small endothermic melting peak of the hard segment (T mh ) at 41.8 and 103.2 o C, respectively (Fig 10) . As the amount of FGS in the nanocomposites increased, the heat of fusion at T ms (ΔH ms ) decreased and dropped abruptly at higher contents of FGS. This suggests that the crystallization of the PCL segment is inhibited by the FGS, more evidently at higher contents of FGS. This decrease in the crystallinity also seems to cause a decrease in T g with increasing contents of FGS. Similar behaviors were observed for a series of WPUN systems in which melting of hard segments is more evident than that of soft segments (Fig 11) . The melting endothermic peak (T m ) 200 o C and the heat of fusion (ΔH m ) of the hard segment decreased as contents of FGS increased, indicating that the crystallization of the hard segment was inhibited by FGSs.
Thermal properties of FGS/PU nanocomposites.

Residue (wt%)
Mechanical properties of FGS/PU nanocomposites.
Graphene is the one of the stiffest material with high intrinsic strength. When it is used as a filler, it is expected that a reinforced composite can have superior mechanical properties.
Moreover, one can further increase mechanical properties of the composite by employing different processing techniques. Here, we compare two processing methods, mechanical mixing and in situ polymerization, in detail and how mechanical properties of the resulting composites are affected by how they were made. As shown in Table 1 , tensile modulus was enhanced with increasing amount of FGS for the series of TPUN and TPUNC. However, tensile strength and elongation at break gradually decreased with increase of the content of FGS, which is due to inhibition of molecular rearrangement and orientation with respect to the tensile axis during deformation. The reduced crystallinity of the soft segment can also contribute to these reductions of tensile strength and elongation at break. For the cases of TPUN and TPUNC, if TPUs are highly elongated, hard segments break apart when phase mixed with soft segments; the hard and soft segments orient in the direction of elongation, resulting in maximum intermolecular interaction. The evident lowering of tensile properties measured at large deformation suggested that these molecular rearrangements were interrupted in the presence of FGSs. This behavior became more evident for a series of TPUNC. When TPU was physically mixed with 3 parts of FGS (TPUN-3), the increase of modulus and the decrease of tensile strength and elongation at break were 43%, 23%, and 15%, respectively, of that of TPUN-0. In contrast, these respective changes, compared to TPUNC-0, are 190%, 50%, and 69% in the nanocomposites made by the in situ polymerization method (TPUNC-3). These results suggest that the interactions between FGS and TPU increased when prepared by the in situ polymerization method, and that the increased interactions reduce the chain mobility for realignment. For the series of WPUCL and WPUMG, one can see that the modulus of WPU is effectively improved by the addition of FGS. For a series of WPUN, which were prepared by a simple physical mixing method, modulus decreased by the addition of FGSs. The interactions between hard segments were suppressed by the presence of FGSs, which overwhelmed the reinforcing effect of FGS. For the series of WPUCL, however, the reinforcing effect of FGS itself and the increased crystallinity of the soft segment in the presence of FGS overshadowed the effect on the modulus of decreased interactions between hard segments by FGSs. The interaction between the FGS and WPU molecules are stronger in the nanocomposites prepared by the in situ method than those made by a simple mixing method, and this consequently enhanced the reinforcing effect of FGS. Overall, performance of FGS as s mechanical reinforcement material is as competitive as over existing carbon fillers such as carbon black and CNT. For all of FGS/PU composites, enhancement of modulus with better graphene dispersion is clearly demonstrated. Tensile strength and elongation at break dropped significantly with the addition of rigid fillers. In addition, modulus is greatly influenced by the interaction between FGS and PU. The modulus improvement of FGS/PU composites made by in situ polymerization is more evident than those made by a physical mixing method, supporting our reasoning that the interaction between FGS and WPU gets stronger when made by an in situ polymerization method.
Electrical conductivities of FGS/PU nanocomposites.
Due to conjugated nature of flat graphene sheets, the composites are electrically conductive through percolated channels generated for electron transfer. Moreover, graphene-based nanocomposites have very low percolation threshold, which allows the efficient preparation of the nanocomposite with high electrical conductivity at significantly low loading. The extent of graphene dispersion can be estimated by the onset concentration for electrical percolation. For example, in case of TPUN-2, the 2 part addition of FGSs improved electrical conductivity by 10 7 times compared with TPUN-0 (Table 1) . Evenly distributed FGSs with nano-sized thicknesses and high aspect ratios ( Figure 6 ) can create an effective conductive channel. For the same amount of FGS loading, the conductivities of a series of TPUNC made by in situ polymerization method is slightly higher than those of a series of TPUN made by physical mixing, indicating that the dispersion of FGS in a TPU matrix is improved by in situ polymerization method (Fig 12) . Fig. 12 . Conductivities of TPU/FGS nanocomposites made by the in situ polymerization method (○) and by the physical mixing method (Δ) [43] When preparing a series of WPUN, emulsion stability should be considered since high loading of FGSs might cause FGS/WPU emulsion unstable. Therefore, sufficiently high electrical conductivity and enough emulsion stability must be balanced for successful nanocomposite films. As expected, the conductivity of WPU increased drastically by the addition of FGS. The addition of two parts FGS per 100 parts of WPU (WPUN-2) led to about a 10 5 -fold increase in conductivity. However, the conductivity of nanocomposite did not rise evidently above WPUN-3 while the emulsion stability decreased with increasing contents of FGS. WPUN-3 was optimal for the commercial production of WPU/FGS nanocomposites with excellent balance between electrical conductivity and emulsion stability.
Conclusions
With benefits arising from a variety of excellent properties of the FGS, FGS-based novel nanocomposites are constantly being developed. Especially, FGS/PU nanocpmposites www.intechopen.com covered here exhibit excellent thermal, mechanical, and electrical properties. These properties can significantly vary with a processing method which determines the extent of dispersion and interaction of FGSs with PU matrices. We compared two processing methods, mechanical mixing and in situ polymerization, in detail and how properties of the resulting composites are affected by how they were made. It was observed that the modulus improvement by the reinforcing effect of FGS and high electrical conductivities were more evident when the nanocomposites of WPU with FGS were prepared by an in situ method, which suggested that the interaction between FGS and PU was stronger when made by an in situ method.
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